METHODS
Tactile sensor system: The principle of our tactile sensor has been described previously.4-7) Briefly, a vibrating finite lot has its own resonance frequency, and when the lot touches an object, a shift in resonance frequency is observed. Because this shift in frequency (delta f) depends on the stiffness of the object, we can estimate the stiffness by monitoring delta f. The tactile sensor system comprises a sensor probe, an amplifier and a filter. Our new tactile sensor is designed for measurement of myocardial stiffness. The sensor probe is 5.5cm long, 7mm in diameter, weighs 2.08g, and is equipped with a small round tip 3mm in diameter that is connected acoustically to a piezo-electric transducer made of lead zirconate-barium titanate ceramic. The contact surface of the sensor is made of hard epoxy resin and smoothly curved ( Figure 1 ). It is very important to keep the contact area of the sensor constant because the measurement of delta f is affected by a change in the area.5-7) Using this design, measurements were made to a depth of 10mm, which was sufficient for measuring the stiffness of the canine left ventricular wall. When the sensor probe touches an object and the resonance frequency shifts, the vibration detector picks up the change in frequency and sends its signal to the amplifier that keeps the piezo-electric transducer vibrating at the new frequency ( Figure 2 ). In our new system, this procedure can be performed 150 times per second by a frequency counter device (AX-CNT1001, Axiom Co., Ltd, Koriyama, Japan) and the delta-f value is processed sequentially by a personal computer (PC9821-Ne, NEC, Tokyo, Japan). Measurement and calibration of myocardial stiffness: The sensor probe is inserted into a plastic tube 9mm in diameter and 3cm long, which is fixed to a stand. The position of the tube is adjusted so that the probe can slide up and down smoothly within the tube, following the beating myocardium under a constant load (2.08g) (Figure 2) . The relationship between stiffness and delta f for our tactile sensor was derived by the counter-balance method5-7) employing bovine gelatin, the stiffness of which was predetermined by a viscoelastance measurement device (AX-SFD001, Axiom Co. Ltd.) ( Figure 3 ). Based on these measurements, we obtained the following calibration formula, which was used in this study: Stiffness (g/mm2)=10^{(delta-f(Hz)+991.24)/13344.21} Study protocol: All the animals used received humane care in compliance with the "Guide for the Care and Use of Laboratory Animals" published by the US National Institutes of Health (NIH publication 85-23, revised 1985). Five mongrel dogs weighing 12-17kg were anesthetized with sodium pentobarbital (35mg/kg i.v.) and then mechanically ventilated through an endotracheal tube. Pericardiotomy was performed after left thoracotomy. A 7 F volume conductance catheter (single field, 8 electrodes, Leycom, Oegstgeest, Netherlands) and a 4 F micromanometer-tipped catheter (MPC-500, Millar Instruments, Houston, TX) were inserted into the left ventricle from its apex in order to record the left ventricular volume and pressure, respectively. In all animals, the tactile sensor for the measurement of myocardial stiffness was placed in a region between the left anterior descending artery and its second diagonal branch. In our system, all data were collected simultaneously by an analogue to digital (A/D) converter (AX-ADC1001, Axiom Co., Ltd) and a personal computer (Figure 2 
RESULTS
Baseline myocardial stiffness: Phasic changes in myocardial stiffness and left ventricular pressure are shown in Figure 4A . It is clear that the stiffness follows a time course similar to that of left ventricular pressure, indicating a close relationship with wall stress. In Figure 4B , we plotted the relationship between myocardial stiffness (S) and left ventricular volume (V) (S-V loop). Similar to the pres- 
